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Awab Abdulmajeed: Effect of fatiguing and preheating on the mechanical properties of bulk-fill 
versus conventional composite resin 
(Under the direction of Terence E. Donovan) 
 Objective: To evaluate the effect of fatiguing and preheating on mechanical properties of 
bulk-fill composite resin and compare it to a conventional composite resin counterpart. 
 Materials and Methods: Hundred and eighty specimen of Filtek One Bulk Fill Restorative 
(Bulk-Fill) and Filtek Supreme Ultra (Conventional) were prepared for each of the following tests: 
Fracture Toughness (ISO 6872), Diametral Tensile Strength (No. 27 of ANSI/ADA), Flexural 
Strength and Elastic Modulus (ISO standard 4049). Specimens in the preheated group were heated 
to 68º for 10 minutes and in the fatiguing group were cyclically loaded and thermocycled for 
600000 cycles and then tested. Statistical analysis was performed using analysis of variance 
(ANOVA) and Tukey’s multiple comparison tests for pairwise comparisons.  
 Results: Preheating and fatiguing had a significant effect on the properties of both FSU 
and FOBR. Fracture toughness was increased for FOBR when specimens preheated and decreased 
when fatigued, FSU was not affected. Diametral tensile strength was decreased significantly after 
fatiguing for the FSU. FOBR had lower tensile strength for all groups when compared to FSU. 
Fatiguing significantly reduced flexural strength of both FSU and FOBR with latter significantly 
different than FSU. Preheating had no effect on the flexural strength of both. Preheating and 
fatiguing significantly decreased the elastic modulus of both composite resins equally. 
 Conclusions: Preheating and fatiguing has an effect on the mechanical properties of 
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CHAPTER 1: REVIEW OF THE LITERATURE 
1. Introduction 
 Composite resins have become one of the most important materials in dentistry since they 
were first introduced in 1957. They have a wide range of applications and are considered a 
mainstream for contemporary dentistry. Composite resin restorations are technique sensitive and 
require very meticulous attention to detail in-order to achieve optimal results. 
 One of the major problems associated with composite resin restoration is polymerization 
shrinkage and its resultant stress on the tooth structure. To minimize the effect of polymerization 
these materials needs to be placed in small increments of 2 mm or less. This will ensure proper 
polymerization with reduced stress.  This incremental placement technique is time consuming and 
technique sensitive. Therefore, bulk-fill composite resin materials were introduced to address these 
problems. Bulk-fill composite resins are meant to minimize polymerization shrinkage and reduce 
the application time of the material by eliminating the incremental placement technique. These 
materials can be theoretically applied in 4-6 mm thicknesses and still achieve an adequate 
polymerization. 
 Preheating composite resin has beneficial effects on their physical properties. It enhances 
the flowability of the composite resin which results in better wall adaptation and reduced void 
formation. 
 Laboratory testing of mechanical properties is a valid approach to collect some information 
about different dental materials before promoting them for clinical use. This can be challenging as 
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mechanical properties do not necessarily represent what happens in clinical conditions. However, 
to maximize the benefit of those tests, composite resins can be fatigued by dynamic mechanical 
loading accompanied with thermocycling to simulate the oral environmental challenge. 
 Little is known about the effect of preheating and fatiguing on the mechanical properties 
of composite resins, both conventional and bulk-fill. Therefore, the purpose of this study is to 
assess and compare the mechanical properties of conventional composite resin versus bulk-fill 
composite resin taking into an account the effect of fatiguing and preheating. 
2. Literature review 
2.1. Evolution of Dental Composite Resins 
 Composite resin is defined by the Glossary of Prosthodontic Terms as a highly cross-linked 
polymeric material reinforced by a dispersion of amorphous silica, glass, crystalline, or organic 
resin filler particles and/or short fibers bonded to the matrix by a coupling agent.1 Composite resin 
was invented and introduced to dentistry by Rafael Bowen in 1957, a year after Michael Buonocore 
introduced the concept of acid-etching enamel.2 Later Bowen created a formula of composite resin 
which contained Bisphenol A glycidyl methacrylate (Bis-GMA) also known as Bowen’s resin. 
Bowen patented his formula which later became the major monomer used in most of the modern 
resin matrices.3 Bowen’s contribution did not end there. It extended to developing organic coupling 
agents (Silanes) which are chemical agents that bond filler particles to the highly polymerized resin 
matrix, which greatly improved the physical properties of the material.4  
 The introduction of composite resin to dentistry was highly appreciated and welcomed by 
the dental community. It is considered the first durable direct esthetic restorative material. Silicate 
cement had the problems of poor physical properties, high solubility in oral fluids and unstable 
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esthetics. Therefore, their clinical service time was limited to 3-5 years. Poly methyl methacrylate 
(PMMA) was also used as a direct restorative material. They were esthetic and highly polishable. 
Their use was discontinued due to their poor color stability, increased thermal 
expansion/contraction and polymerization shrinkage. Their polymerization shrinkage behavior led 
to open margins, microleakge, post-operative sensitivity and secondary caries.5 Composite resin 
soon became a successful substitute of silicate cements and PMMA since they overcame the 
majority of problems associated with these two restorative materials. However, composites resin 
still have some deficiencies that have not been resolved.  
  Composite resin materials have been the subject of extensive research. A simple search of 
“dental composite resins” electronically on the MEDLINE database search engine 
“www.ncbi.nlm.nih.gov/pubmed/” reveals more than twenty thousand published articles. This 
extensive research led to their improvement throughout the years, and allowed them to be one of 
the most popular current restorative materials.  
 All composite resins have the same basic composition, yet use chemically different 
constituents. The three main constituents of composite resins are: 1) a highly cross-linked 
polymeric resin matrix which represents the continuous phase, 2) glass, mineral or resin filler 
particles which are considered the dispersed phase and 3) coupling agents, bonding the filler to the 
resin matrix. Current composite resin materials contain an activator-initiator system. This system 
is required to initiate and complete polymerization of the matrix. Composite resins have pigments 
to alter color and opacity, ultraviolet absorbers and other additives to improve color stability. They 
also contain polymerization inhibitors which are needed to prevent spontaneous polymerization, 




2.1.1. Resin Matrix 
 The resin matrix is the primary component of composite resin. It acts as scaffold in which 
all of the other constituents exist and interact together. It is chemically active and presents initially 
as a fluid monomer that later converts into a rigid highly cross-linked polymer through radical 
addition reaction. The resin matrix can be polymerized through chemical activation 
(polymerization reaction begins when two pastes are mixed together) or light activation 
(polymerization reaction begins when exposed to curing light at a certain wavelength). 
 The main monomer used in commercial dental composites is Bis-GMA. It is derived from 
the reaction of bisphenol-A and glycidyl-methacrylate. It has a high molecular weight (512g/mol) 
and high viscosity which necessitate dilution with other monomers of lower molecular weight to 
obtain a workable consistency. Triethylene glycol dimethacrylate (TEGDMA) is the most common 
monomer diluent used in composite resin. It has molecular weight of (286g/mol).7 The addition of 
TEGDMA addition has the disadvantage of considerably increasing polymerization shrinkage.  
 Urethane dimethacrylate (UDMA) is another common monomer used in composite resins. 
It behaves like Bis-GMA and has a high molecular weight (470g/mol) and high viscosity which 
also requires dilution with a low molecular weight monomer as well. Recently, the silicone-epoxy 
monomer (Silorane) restorative system represents a relatively new category of composite resin. 
These materials are marketed commercially as low shrinkage composite resin with and increased 
hydrophobicity and stability.8 
2.1.2. Filler Particles 
 Filler particles are added to the organic resin to increase its strength, improve its wear 
resistance and reduce polymerization shrinkage. Organic filler particles are used in the form of 
pre-cured, finely ground particles of resin matrix. Inorganic filler particles are composed of 
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different materials such as quartz, silicates, ytterbium fluoride and glasses of lithium, barium, 
zirconium, strontium and zinc. Filler particles can be spherical or irregular in shape. They range 
in sizes from 0.005 to 100μm. Classification of contemporary composite resins is based on filler 
particles size, or specifically, average particle size (APS) and size distribution. They can be 







Figure 1.1: Classification of Composite Resins Based on Filler Particles Size 
 Adding filler particles to composite resin results in significant benefits and enhanced 
physical properties of the material. However, there is an upper volumetric limit to how much filler 
can be added. Filler load above 80% results in composite pastes that are unworkable.7 The size 
and percentage of filler particles control the characteristics of composite resins. Increasing filler 
particles content increases strength, reduces volumetric shrinkage, reduces thermal expansion and 
contraction, improves handling properties and decreases water sorption. Decreasing the size of 





2.1.3. Coupling Agents 
 Regardless of the filler particle volume, they cannot contribute to improved clinical 
performance of composite resins unless they are properly bonded to the resin matrix. Coupling 
agents are chemicals responsible for bonding filler particles to the resin matrix. They contain two 
functional groups at the ends of their molecular back bone, which connect the unpolymerized resin 
matrix and inorganic filler particles. Organosilanes, such as γ-methacryloxypropyl 
trimethoxysilane, are the most commonly used coupling agents in composite resins. 
2.1.4. Initiator-accelerator System 
 Composite resins undergo an addition reaction polymerization reaction. This reaction is 
induced by free radicals which in turn can be generated either through chemical activation or 
activation from a light source of a specific wavelength. The majority of current composite resins 
are light polymerized with visible blue light within the wavelength of 420-560 nm. Accelerators 
are used to control the rate at which the polymerization reaction occurs. 
 Chemically polymerized (Auto-cured) composite resins are dispensed in two paste 
systems. One paste contains a tertiary amine activator. The other paste has a benzoyl peroxide 
initiator. Mixing the two pastes results in tertiary amine activator react with the benzoyl peroxide 
to form free radicals that initiate an addition polymerization reaction. Mixing chemical cured 
composite resins is technique sensitive. Accurate amounts have to be mixed correctly without 
entrapping air into the mix. Air voids may compromise the integrity and strength of the 
polymerized resin. Lacking control over the working time is another disadvantage of chemically 
cured composite resins.    
 Light polymerized (photo-cured) composite resins are more user friendly and have many 
advantages over chemical cured composite resins. They are dispensed in one paste, therefore the 
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mixing step is eliminated which prevents the problem of air incorporation. Working time can be 
controlled and is basically on demand. The polymerization reaction occurs more rapidly as the 
paste solidifies in a matter of seconds. Current light cured composites are sensitive to visible blue 
light. They have a diketone photoinitiator, such as camphorquinone (CQ), and an amine accelerator 
such as diethyl-amino-ethyl-methacrylate (DEAEMA) that interact together to form free radicals 
which facilitate the polymerization reaction.10 Only a very small amount of a photoinitiator (about 
0.2% by weight or less) is required to control the polymerization reaction.11   
 One of the main disadvantages of conventional light polymerized composite resin is that 
light cannot penetrate through composite resin increments of more than 2-mm thickness. 
Therefore, the material has to be placed in multiple increment to insure optimum photo-
polymerization. This makes the placement procedure time consuming, technique sensitive and 
imposes a chance for inherent problems. Light cured composite resins may polymerize when 
exposed to ambient light or during storage. Hence, inhibitors are added in a very minimal amount 
to prevent this undesired polymerization. Butylated hydroxytoluene (BHT) is a typical commonly 
added inhibitor in current composite resins. It has strong reactivity potential with free radicals and 
reacts with them faster than the radicals can react with monomers. It is quite useful in controlling 
the rate of the polymerization reaction of light-cured composite resins.12 Thus directly affecting 
polymerization shrinkage stress which is considered as one of the most complicated and significant 
problems with composite resins. 
2.2. Polymerization Shrinkage Stress 
 Despite the fact that conventional composite resins have many desirable properties, they 
still have limitations in terms of their clinical application and properties. One of the major 
problems associated with composite resins is polymerization shrinkage stress. Proper 
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polymerization of the resin component is characterized by transforming monomers into 
polymers, which is accompanied by reduction in the volume of the material and the ability of the 
material to flow.13 When this happens, while the material is restrained by cavity walls, the flow 
will be restricted and polymerization shrinkage stress will be the result. This type of stress was 
first described by Bowen in 1967. 14 Many potential clinical complications (Figure 1.2) can occur 
as a result of polymerization shrinkage stress. This may include15-31:  
 Cusp deflection,  
 Fracture of enamel margins,  
 Debonding,  
 Micro-cracking of the shrinking composite,  
 Microleakage,  
 Post-operative sensitivity,  
 Pulpal irritation.  
 
Figure 1.2: Potential Clinical Complication Due to Polymerization Shrinkage 
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2.3. Incremental placement  
 Conventional composite resins should be placed in increments of 2 mm. This is indicated 
to insure adequate photo-polymerization, 35 optimal adaptation to cavity walls, 33 and to minimize 
polymerization shrinkage stress.34 Incremental placement maximizes the free surface in each 
increment which allows for more stress relief by external flow.32  This placement technique 
produces predictable results but is technique sensitive and time consuming.  
 Placing composite resin incrementally can produce predictable results but, the main 
disadvantage is that this procedure is technique sensitive that requires a certain set of skills and 
instruments.  
 Bulk fill composite resins were introduced to the market, an effort to provide a material 
that is both efficient and offers similar qualities of conventional composite resins. 
2.4. Bulk-Fill Composite Resins 
 To simplify and speed-up the placement of large posterior composite resin restorations, 
manufacturers have produced a range of materials which can be placed in single or deeper 
increments, known as “bulk-fill” composite resins. They have been marketed as materials that can 
be placed and cured in increment depths between 4-8 mm. The placement of these larger 
increments may reduce the time needed when placing posterior restorations and thereby reduce 
technique sensitivity. Bulk fill composite resins can reduce the working time of the restorations to 
approximately half of that with conventional composite.38 This reduction in working time and 
technique sensitivity is a critical factor in the marketing of these materials. In order to allow bulk 
placement without negatively affecting marginal integrity and physical properties, these materials 
have been reformulated to allow a greater curing depth and reduced shrinkage stress.  
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2.4.1. Depth of Cure of Bulk-Fill Composite Resins 
 Bulk-fill composite resins must demonstrate adequate depth of cure to the proposed depth 
by the manufacturer to insure physical and mechanical properties consistent with the demands of 
the oral environment. Manufacturers have undertaken different modifications to increase the depth 
of cure of bulk-fill materials. This may include adding photoactive monomers to the resin matrix, 
36 new and more potent photoinitiator systems such as Ivocerin and increased translucency of the 
materials. 37 In order to increase translucency and light scattering for deeper photopolymerization, 
filler particle size and shape had to be modified to have a refractive index similar to that of the 
resin matrix. 39 The majority of bulk-fill composite resins are more translucent for blue light than 
conventional composite resins. 37 However, their increased translucency makes them less suitable 
for anterior restorations.   
 Many studies have been conducted to test the claimed depth of cure of bulk fill materials 
but the results have been conflicting. Factors that might affect the results include; composite resin 
types, testing method and type of light curing units used. The standard method of testing depth of 
cure of composite resins is according to the ISO 4049 method. A tube-shaped composite resin 
specimen is cured from one side; the uncured resin on the opposite side is then removed with a 
spatula, the depth of cure is half the length of the remaining hard specimen. 37 This technique was 
found to be inappropriate for bulk fill composite resins because it overestimated curing depths. 40 
Other methods have been used to assess depth of cure, such as the acetone-shake method 41 
(unpolymerized resin is removed with acetone and hardness is tested on the opposite side of a 
composite resin cylinders). Results are varied and highly dependent on the method used. Generally 
speaking, it can be concluded that bulk fill composite resin materials have an adequate depth of 
cure that satisfy manufacturer’s claims.42-45    
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 Bulk-fill composite resins can be categorized into two groups: low-viscosity bulk-fill 
materials and high-viscosity bulk-fill materials. These materials differ greatly in both composition 
and use. 
2.4.2. Low Viscosity Bulk-Fill Composite Resins 
 Low viscosity bulk-fill composite resins or “Flowable Bulk-Fill Composites” are low-
viscosity materials with a reduced percentage of inorganic filler particles. They have higher 
amounts of resinous components that results in a material consistency similar to flowable 
composite resins. They are theoretically preferred to be used in cavities in which wall adaptation 
is critical. 55  
 Due to lower filler load, these materials have high translucency, poor esthetics and low 
wear resistance. Therefore, their use is limited to that of a base, a concept known as “dentin 
replacement materials”. The majority of a large cavity can be filled with these materials, which 
offer excellent wall adaptation due to ability to flow, and the top 2 mm of the cavity is capped with 
a conventional composite resin. This occlusal coverage by a conventional composite resin is 
necessary for improved esthetics and wear resistance. 
 The physical and mechanical properties of low viscosity bulk-fill composite resins have 
been moderately researched and compared to other types of composite resins. Despite the fact that 
they can be easily cured in thicker increments, their mechanical properties are significantly lower 
compared to other types of composite resins. 37 The elastic modulus of low viscosity bulk-fill 
composite resins are either similar or lower than that of conventional composite resins. 46 Low 
viscosity materials are very susceptible to softening when stored in ethanol for 24 hours. This 
softening is an indicator of changes in the polymer density due to presence of plastifying 
monomers that are necessary for shrinkage stress reduction. 47 Therefore it is imperative to cap 
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those materials with a layer of conventional composite resins. Low viscosity bulk-fill composite 
resins have flexural strength values that are less than other composite resins, but they fulfill the 
criteria of ISO 4049 that requires a flexural strength value minimum of 80 MPa. 46, 48, 49  
 As in any composite resin material, low viscosity bulk-fill composite resins undergo 
polymerization volumetric shrinkage. The amount of this shrinkage has been studied in multiple 
studies and there was no large variation in their shrinkage. The mean percentage polymerization 
shrinkage value ranges from 2.76 to 4.4. 45,50-52 This polymerization shrinkage is higher than with 
conventional composite resins which is around 2.4 percent. 45,52   
 Despite the fact that low viscosity bulk-fill composite resins have higher polymerization 
shrinkage, the resultant stress they exhibit on the tooth is lower than that of conventional composite 
resins. 51-54 The mean polymerization stress values ranged from 1.07 MPa to 1.65 MPa. 51,53 Low 
viscosity bulk-fill composite resins have a specific formulation to reduce the polymerization 
shrinkage stress, but little is known about them. SureFil SDR (Stress Decreasing Resin, Smart 
Dentin Replacement) flow, which was the first bulk-fill material to be introduced, contains 
modified UDMA. It has a polymerization modulator that is chemically incorporated into the resin 
matrix.  
2.4.3. High Viscosity Bulk-Fill Composite Resins 
 High viscosity bulk-fill composite resins have a paste like consistency and can be applied 
and sculpted with instruments similar to conventional composite resins. They have a high amount 
of inorganic filler particles which results in physical properties, mechanical properties and wear 
resistance comparable to that of conventional hybrid composite resins. They are generally used in 
large cavities as good contact point can be established and wear resistance is improved. 55They can 
be theoretically used to restore an entire cavity without the need to cap them with conventional 
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composite resins. Filtek One Bulk Fill Restorative (3M ESPE; USA), for example, was introduced 
recently clamming there is no need to use a capping layer as required for their flowable 
counterparts.   
 Because high viscosity bulk-fill composite resins have only been recently introduced, there 
is a lack of literature that discusses their properties and clinical outcomes. However, the majority 
of laboratory studies agree that properties of this category of bulk-fill composite resins are similar 
to those of conventional composite resins, which makes them suitable for posterior restorations. 
46,50    A study found that the flexural strength of high viscosity bulk-fill composite resin, X-tra fil 
(X-traF Voco Cuxhaven, Germany) was comparable with the flexural strength of conventional 
composite resin. 47 Another two studies have found that high-viscosity materials also fulfil the ISO 
4049 requirement for flexural strength. 41,46 Compressive strength and tensile strength values of 
high viscosity materials were found to be lower than those of conventional composite resins. 56 
The clinical consequence of these lower strengths is not known. 
 Wear of high viscosity bulk-fill composite resins has not yet been evaluated. Theoretically 
it should wear significantly less than low viscosity bulk-fill composite resins because of their 
higher filler load. However, some of these materials use larger filler particles than hybrid 
composite resins materials. 37 This might result in unacceptable wear, a clinical problem that 
should be addressed and investigated.  
 Polymerization shrinkage of high viscosity bulk-fill composite resins has been assessed in 
multiple studies and there was no wide variation in their findings. The mean percentage values 
were higher than that of conventional composite resins. 45,50-52 Polymerization shrinkage stress 
values of these materials ranged from 1.07 MPa to 2.135 MPa which is lower than that of 
conventional composite resins. 51,53 
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 There is a lack of clinical trials that test the clinical outcome of bulk-fill composite resins. 
However, there is an abundance of in-vitro laboratory studies, the limitations of which are well 
known. There is an urgent need for well conducted randomized controlled clinical trials to validate 
the use of bulk-fill composite resins, especially since they are being used extremely in dental 
practice.  
2.5. Mechanical Properties of Composite Resins 
 Mechanical properties are the properties of the material which describe its behavior under 
loads. Any restorative material should have sufficient mechanical properties to function and 
service for a reasonable time in the oral cavity challenge.  
 There are key mechanical properties that are desired in composite resins. These proprties 
are directly related to their fracture behavior, deformation and wear resistance. These mechanical 
properties are ranked according to priority 57:  
1. Strength, Elastic Modulus, Fracture toughness, Fatigue, Indentation Hardness, Wear 
abrasion (third body) and Wear attrition (two body),  
2. Toughness, Edge strength (chipping) and  
3. Wear determined by toothbrush abrasion.   
 Studies of mechanical properties are considered to be highly relevant clinically. Premature 
failure of dental composite due to fracture is one of the main causes of failure. This fact supports 
the idea of clinical relevancy of the mechanical properties studies. 58 The mechanical properties of 
existing composite resins vary. It is generally agreed that when formulating a new composite resin 
product is basically “higher is better” when it relates to their mechanical properties. 57 
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 For the purpose of this project the focus will be on Flexural Strength, Elastic Modulus, 
Diamteral Tensile Strength and Fracture Toughness. 
 2.5.1. Flexural Strength and Elastic Modulus  
 Flexural strength is the mechanical property that determines the capacity of a material to 
resist deformation/fracture under bending load. It is not an inherent property of the material. Elastic 
modulus (flexural modulus) is the mechanical property that measures the stiffness of a solid 
material, high modulus indicates a rigid material.  
 Flexural strength and elastic modules are usually obtained from the same test. The elastic 
modulus is determined by applying a load to a composite resin specimen that is supported at each 
end, measuring how much the specimen deflects. The value at which the specimen breaks is the 
flexural strength. There are multiple test methods that measures these properties 59:  
1. Three-point bending test, 
2. Four-point bending test and  
3. Biaxial flexural strength  
The most common used test is the three-point bending test. 60 The ISO standard 4049 describes 
sample preparation, sample dimension and the settings for the three-point bending flexural strength 
test after 24 h storage in water. 61 The four-point bending test has a small difference in which the 
load of two points is separated by a specific distance. The benefit of this test is that stress is 
concentrated over a broader area of the beam, and this ensures that failure will occur within a 
determined region of the beam. 57 Flexural strength values measured with three-point testing 
procedures are higher compared to a four-point testing procedure, but no difference in the elastic 
modulus values were found. 61 
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 Flexural strength is an important mechanical property of composite resins that may be 
clinically relevant. A systematic review found direct correlation between flexural strength and 
clinical fracture of posterior composite resin restorations. 59 Another study found that flexural 
strength correlates moderately with clinical wear of composite resins. 63    
2.5.2. Fracture Toughness 
 Fracture toughness is the mechanical property that measures the material’s ability to resist 
crack propagation from a preexisting flaw. Due to the fact that almost all restorative materials 
contain flaws, fracture toughness is considered the most important mechanical proprties in 
determining resistance to clinical fracture. 67  
 There multiple laboratory tests that measure the fracture toughness property of composite 
resins 57: 
1. Single Edge “V” notch beam (SEVNB), 
2. Single edge notch-3-point bending (SENB), 
3. Compact tension, 
4. Double torsion and  
5. Chevron notch  
 A very common method that is widely used to determine fracture toughness is the SEVNB. 
It is relatively easy test to perform compared to other test modalities, and can be used for ceramics 
and composites. The ISO standard 6872 describes sample preparation, sample dimension and 
correct placement of the notch.68 The notch can be sharpened to produce tip radii ranging from 10-
20 microns using razor blade.69 The most difficult step in fracture toughness testing is the creation 
of a crack or flaw into the specimen. It can be done by the design of the mold when fabricating the 
specimen before curing or after the specimen is cured with help of sharp instruments. 
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 The clinical relevancy of fracture toughness has been established to some extent. One study 
found that there is a good correlation between fracture toughness fracture failures with class IV 
composite resin restorations. 64 A clinical trial of composite resins in denture teeth, found that there 
was a correlation between marginal breakdown and fracture toughness. 65 Fracture toughness has 
also been suggested an indicator of clinical wear. 66     
2.5.3. Diametral Tensile Strength Testing  
 Diametral tensile strength testing is a method of indirectly measuring the tensile strength 
of a brittle material with little or no plastic deformation.72 It was introduced to overcome the 
difficulties in performing a good uniaxial tensile strength test when the tested material is brittle, 
which is applicable to composite resins. 70     
 This test involves the preparation of cylindrical specimens, ADA specification #27 
describes how the specimens are prepared, stored and loaded. 71 The specimen is placed between 
two plates of a testing machine (Figure 1.3) and loaded with a compressive force in the diamteral 
plane.72 This technique insures that failure happens more due to tensile forces compared to not 
compressive forces. This occurs only when the specimen is broken uniformly in the middle.47  
 The importance of this test lies in it is potential clinical relevance. The majority of clinical 
failures of composite resins are likely related to tensile stresses. 70 Therefore, it is desirable for a 





Figure 1.3: Placement of Sample For Dimetral Tensile Testing  
2.6. Preheating of Composite Resins        
 Preheating composite resin (warming) is a chairside method to increase flowability and 
reduce viscosity by changing the degree of conversion. 78 Warming composite resins to 37ºC or 
58ºC may facilitate composite extrusion, improve adaptation to preparation walls and enhance 
contouring. 80   
 Preheating composite resins enhances maximal polymerization by insuring a highly cross-
linked polymer network. This results from increased radical and monomer mobility. 79 This 
increase in polymerization may enhance mechanical and physical priorities of the material. One 
study showed that preheating composite resins up to 60°C significantly increased surface hardness. 
81 Another study found that preheating composite resins prior to polymerization reduced shrinkage 
forces and improved the degree of conversion. 82    
 Preheating composite resins can be done by using composite warming devices. There are 
different designs and brands available. One of the oldest composite warmers available is Calset 
Composite Warmer (AdDent Inc, Danbury, Connecticut, USA). It requires 10 minutes to reach the 
temperatures of 54°C- 68°C that is required to adequately preheat composite as reported in the 
19 
 
literature.84  After reaching this temperature, it takes three minutes to warm the composite resin 
material to working consistency. The device has interchangeable trays to meet the clinician's 






Figure 1.4: Calset Composite Warmer 
 The HeatSync composite warmer (Bioclear, Seattle, USA) is another example of a composite 
warming device. Its design facilitates heating of two composite guns, two syringes and up to 6 extra 
composite compules (Figure 1.5). It requires 15 minutes to warm up and reach 68°C. Other methods 
have been described to preheat composite resins up. Hand-holding the composite material for a few 
minutes or using the light of dental unit chair may increase their temperature but not to a point required 





Figure 1.5: Heatsync Composite Warmer 
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2.7. Laboratory Fatigue Testing  
 Fatigue can be defined as the weakening of a material caused by repeatedly applied cyclic 
loads. It is usually progressive with localized structural damage. Composite resins, as all other 
dental material, are challenged intraorally with thermal changes and cyclic loads not exceeding 
fracture strength while functioning. Therefore, fatigue is one of the most important properties for 
composite resins. 73 Composite resin failure occurs mainly due to the propagation of pre-existing 
cracks and flaws rather than catastrophic fracture, hence the importance of fatiguing. 
 Laboratory studies should assess the degradation of composite resins resulting from 
fatiguing in order to achieve clinical significance, thus acting as a predictor of clinical 
performance. 74 Fatigue testing is very difficult to design and execute. It is expensive and requires 
a considerable resources. Therefore, it is not commonly used to assess strength and fracture 
resistance of composite resins.  
 There are two main methods that are used for composite fatigue testing. The first is called 
fatigue resistance in which a dumbbell shaped sample is cyclically loaded in tension at a certain 
frequency until failure occurs. The second is called the staircase fatigue method in which a sample 
that survives a certain cyclic loading is replaced by another sample that is subjected to different 
loading conditions.57   
 Chewing simulation is a relatively new laboratory testing technique in which restorative 
dental materials can be fatigued by emulating the intra oral environment. This works well as an in-
vitro predicator test prior to in-vivo studies. Chewing simulators (or emulators) are complex 
mechanical machines that perform a wide range of movements according to preset criteria, 
accompanied by controlled artificial aging with different solutions. There are different types of 
chewing simulators.  
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Three of them have the capacity to move in both horizontal and vertical axes: 
1. Willytec chewing simulator 75 
2. SD Mechatronik chewing simulator (successor of Willytec) (Figure 1.5) 76 
3. Bose ElectroForce 3330Dental Wear Simulator (No published work was found to the 
author knowledge) 
 The chewing simulator CS-4 (SD Mechatronik, Germany) is considered to be predictable, 
cost efficient and an adequate tool to test fatigue resistance of different restorative materials. 77    
This machine offers control over test parameters, is computer controlled, can be optionally 














 In summary, composite resins in either their conventional or bulk-fill form are widely used 
in current practices. A considerable amount of in-vitro research has been published with the 
purpose of evaluating their properties and potential for successfully clinical use. However, the 
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CHATER 2: MANUSCRIPT 
1. Introduction 
Composite resin was introduced to the dental world in late 1950s by Rafael Bowen in 
1957.1 Composite resin materials have changed the way dentistry is practiced and have become 
one of the most important dental materials. Approximately 261 million composite resin 
restorations are placed around the world each year.2 
Conventional composite resins have shortcomings and limitations. Polymerization 
shrinkage and its resultant shrinkage stress on cavity walls is one of the major shortcomings of 
conventional composite resin.3 The resultant polymerization shrinkage stress manifests clinically 
with several clinical complications. It can cause cusp deflection, micro-cracking and fracture of 
enamel margins, microleakage, debonding, post-operative sensitivity and pulpal irritation.4-13  
To reduce shrinkage stresses, an incremental technique for composite placement was 
introduced. This technique has insured proper light polymerization of the resin composite and also 
reduced the polymerization shrinkage stress.14-15 However, incremental placement of conventional 
composite resin is a technique sensitive procedure  that requires clinical skills and special 
instruments. It is also time consuming. Therefore, less technique sensitive and more efficient 
approaches for composite resin placement have been developed. 
Manufactures realized desirability of a material that is simple, can be placed rapidly and 
with reduced polymerization shrinkage. Their efforts resulted in the introduction of bulk-fill 
composite resins, a wide range of materials that can be placed and photo-polymerized in a single 
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layer of 4-8 mm thickness. Several changes in the chemistry of monomers and particle size and 
shape were required to allow those materials to be used in bulk. Bulk-fill composite resins can be 
classified into low-viscosity and high-viscosity materials. Low-viscosity bulk-fills are meant to 
serve as dentin replacement and therefore need to be capped with conventional materials due to 
their poor physical and mechanical properties.16 High-viscosity bulk-fill materials on the other 
hand have good physical and mechanical properties that allow them to restore an entire cavity 
without the need for a capping layer.17-18 
Testing the mechanical properties of composite resin materials in-vitro is a common 
method for determining their properties.  The clinical relevancy of those tests is established to 
some extent.19 Mechanical properties testing can help to identify materials with a high likelihood 
of premature failure due to fracture and their wear characteristics. 
Fatiguing of composite resins prior to mechanical testing by cyclic loading and 
thermocycling is highly recommended in-order to increase the clinical relevance of the results.20 
Chewing simulation is one of the methods that can be used to fatigue specimens at a reasonable 
cost and time.  
There are multiple protocols and techniques that dentists use when they place composite 
resins in their practices. Preheating composite resin is a relatively common technique that is 
thought to increase flowability and reduce film thickness.21 Preheating compositre resin may 
maximize polymerization, reduce shrinkage forces and increase surface hardness.22-24 However, 
their effect on mechanical properties, wear and clinical performance is yet to be investigated.   
The purpose of the present study was to test the effect of fatiguing and preheating on the 
mechanical properties of one high-viscosity bulk-fill composite resin and compare it to its 
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conventional counterpart.   
The null hypotheses were that: 
1. Fatiguing and preheating yield no significant effect on the mechanical 
properties of the tested materials. 
2. There are no significant differences in the mechanical properties between 
high-viscosity bulk-fill composite resin and conventional composite resin. 
2. Materials and Methods 
2.1. Materials: 
 Two composite resin types were used in this study (Table 1.1): 
1.  Filtek One Bulk Fill Restorative (FOBFR), 3M ESPE, USA 
2.  Filtek Supreme Ultra (FSU), 3M ESPE, USA 
2.2. Specimens Distribution and Groups Description:  
 Specimens (N=180) were prepared and distributed into six groups (n=10) for each test 
performed: 
 Group 1: FOBR Baseline  
 Group 2:  FSU Baseline 
 Group 3:  FOBR Preheated 
 Group 4:  FSU Preheated 
 Group 5: FOBR Fatigued 
 Group 6:  FSU Fatigued 
 
 All specimen preparation was done according to manufacturer’s instructions at room 
temperature (23 ± 1ºC) except for groups 3 and 4. Specimens of those two groups were preheated 
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to a temperature of (68 ± 1ºC) for 10 minutes before polymerization by utilizing a composite 
warmer (HeatSync, Bioclear, Seattle, USA).  
 Specimens of groups 5 and 6 were subjected to fatiguing. This was achieved by cyclic 
loading the specimens with 50 N and 0.5 mm indentation with steatite indenter using chewing 
simulator CS-4 (SD Mechatronik, Germany) for 600000 cycles at 1.4 Hz, which represent 
approximately 2.5 years of clinical performance. Thermocycling was simultaneously performed 
using distilled water at 5ºC and 55ºC with a 30 second dwell time. Specimens were inspected for 
premature failure every 24 hours. Surviving specimens were tested for fracture toughness, 
diametral tensile strength, flexural strength and elastic modulus. 
 Detailed description of specimen’s preparation and testing for each test is discussed in the 
following section. 
 Three mechanical tests were performed to determine the mechanical properties of the 
groups described above.  
2.3. Fracture toughness 
 The single edge V-notched beam (SEVNB) method (ISO standard 6872) was used to 
measure the fracture toughness of FOBFR and FSU composite resins. Sixty beam-shaped 
specimens (21.0 ± 0.1mm) in length, a rectangular cross section of (4.0 ± 0.1mm) in depth and 
(3.0 ± 0.1mm) in thickness were prepared for each of the composite resin materials (Figure 2.1 A). 
Polyvinylsiloxane impression material (PVS) was used to create a mold specific to the specimen 
dimensions for easy removal after polymerization. Composite resin material was carefully injected 
into the mold to prevent the entrapment of air bubbles. A transparent ethylene film and glass slide 
were placed over the mold to confine the material and minimize exposure to oxygen from the 
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atmosphere during polymerization. Slight pressure was applied to the glass slide to extrude excess 
material. Each specimen was carefully photo-polymerized according to the manufacturer’s 
recommended time of exposure using a visible light curing unit (Elipar DeepCure-S, 3M ESPE, 
USA) with an utilizable wavelength range 420-490 nm and mean light irradiance of 1198 
mW/cm2. The wavelength and irradiance of the curing unit were calibrated and confirmed using 
the MARC Light Collector (BlueLight Analytics, Canada). After complete polymerization of the 
specimens, they were carefully removed from the mold and examined. Specimens with obvious 
voids were excluded from testing. A no. 15 blade was used to remove excess composite resin from 
the edges of the specimen and then 600-grit silicon-carbide abrasive paper (MicroCutTM, Buehler, 
Lake Bluff, Illinois, USA) was used for final smoothening.  Specimens were then immersed in 
deionized water at 37°C for 24 hours. After removing from water, a notch depth of approximately 
0.5 mm was cut into the bar specimen using a 150 um thick diamond blade. A razor blade coated 
with diamond polishing paste (3.5 um, Kent Supplies, USA) was positioned in the starter notch 
and a light force (5 N to 10 N) was applied using a gentle back and forth while maintaining a 
constant horizontal motion. The depths of the V-shaped notches were measured using a calibrated 
microscope with magnification > 50x to three significant figures. Both sides of the specimen were 
analyzed to confirm a uniform notch depth and acceptable notch geometry. An acceptable notch 
depth measured between 0.8 mm and 1.2 mm. For groups 5 and 6, the V-shaped notch was made 
after the fatiguing process. 
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 The width (b) and thickness (w) of each specimen was recorded prior to testing using a 
digital micrometer capable of measurements to ±1µm accuracy (QuantuMike Micrometer, 
Mitutoyo Corporation, Japan). Testing for fracture toughness was carried out using the 4-point 
bending fixture (Figure 2.1 B). The 3 mm width face with the V-notch was placed down on the 
testing fixture (tensile side). Specimens were loaded on an Instron Universal Testing Machine 
(Instron 4411, SINTECH, MTS system corporation, USA) with a crosshead speed of 0.5 mm/min 










Figure 2.1: A, Schematic Illustration of Fracture Toughness Specimen. B, Specimen Placed on 
4-Point Bending Fixture  
 The peak fracture load was recorded to three significant figures and the fracture toughness 
[KIC (MPa * m
1/2)] was determined according to the formula: 
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KIC = P / bh 
½ * L / h * 3a ½ / 2 (1-a)3/2 * Y. 
Y=1.9887-(1.326*a)-((3.49-(0.68*a)+(1.35*(a^2)))*(a)*(1-a))/((1+a)^2) 
α= average V-notch depth of group 
P= fracture load 
b= width of specimen 
w= thickness of specimen 
L = distance between support beams 
2.4. Diametral Tensile Strength 
       The diametral tensile strength (DTS) of FOBFR and FSU was determined under specification 
(No. 27 of ANSI/ADA, 1993). 1 Sixty cylindrical shaped specimens (6.0 ± 0.1 mm in diameter and 
3 ± 0.1 mm in height) were prepared for each composite resin material. PVS impression material 
was used to create a mold specific to specimen dimensions for easy removal after polymerization. 
Composite was carefully injected into the mold to prevent the entrapment of air bubbles. A 
transparent ethylene film and glass slide were placed over the mold to confine the material and 
minimize exposure to oxygen from the atmosphere during polymerization. Slight pressure was 
applied to the glass slide to extrude excess material. Specimens were photo-polymerized as 
described previously in the fracture toughness section, according to the manufacturer’s instructions 
and recommended time. After complete polymerization of the specimens, they were carefully 
removed from the mold and examined. Specimens with obvious voids were excluded from testing. 
A no. 15 blade was used to remove excess composite resin from the edges of the specimen and 
then 600-grit silicon-carbide abrasive paper (MicroCutTM, Buehler, Lake Bluff, Illinois) was used 
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for final smoothening. The diameter (d) of each specimen was calculated by taking the mean of 
two measurements at right angles to each other, using a digital micrometer (Digimatic Micrometer, 
Mitutoyo Corporation, Japan) with an accuracy of 0.01 mm. Specimens were immersed in water 
at 37°C for 24 hours prior to testing.  
 DTS for each specimen was calculated using an Instron Universal Testing Machine 
(Instron 4411, SINTECH, MTS system corporation, USA).  The cylindrical shaped specimens 
were positioned on their side between two compression plate fixtures (Figure 2.2). Specimens were 
loaded at a crosshead speed of 0.5mm/min until fracture. For groups 5 and 6, specimens were 
fatigued as described previously prior to loading. 
   
Figure 2.2: Schematic Illustration of Specimen Placement for Dimetral Tensile Testing  
 The peak load was recorded and the DTS was determined according to the formula: 
DTS = 2 F/ πdt  
F= maximum force applied 
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d= diameter of specimen 
t= thickness of specimen 
2.5. Flexural Strength and Young’s Elastic Modulus:  
 The flexural strength of FOBFR and FSU was determined by a 3-point bending test 
according to (ISO standard 4049). Sixty specimens (2.0 ± 0.1mm in thickness, 2.0 ± 0.1mm in 
width and 25.0 ± 0.1mm in length) were prepared for each composite resin material. PVS 
impression material was used to create a mold specific to specimen dimensions for easy removal 
after polymerization. Composite was carefully injected into the mold to prevent the entrapment of 
air bubbles. A transparent ethylene film and glass slide were placed over the mold to confine the 
material and minimize exposure to oxygen from the atmosphere during polymerization. Slight 
pressure was applied to the glass slide to extrude excess material. Specimens were photo-
polymerized as described previously, according to the manufacturer’s instructions and 
recommended time. After complete polymerization of the specimens, they were carefully removed 
from the mold and examined. Specimens with obvious voids were excluded from testing. A no. 15 
blade was used to remove excess composite resin from the edges of the specimen and then 600-
grit silicon-carbide abrasive paper (MicroCutTM, Buehler, Lake Bluff, Illinois) was used for final 
smoothening. Specimens were then immersed in water at 37°C for 24 hours prior to testing. The 
width (b) and thickness (w) of each specimen was recorded using a digital micrometer capable of 
0.01mm accuracy (QuantuMike Micrometer, Mitutoyo Corporation, Japan).  
 Testing was performed using the 3-point bending fixture (Figure 2.3). The specimens were 
loaded on Instron Universal Testing Machine (Instron 4411, SINTECH, MTS system corporation, 
USA) with a crosshead speed of 0.5 mm/min. For groups 5 and 6, specimens were fatigued as 








Figure 2.3: Schematic Illustration of Specimen Placement Flexural Strength Testing  
 The peak fracture load was recorded to three significant figures. Flexural strength was 
determined according to the formula:  
α= 3 FL/ 2wt 
F= maximum force applied 
L= distance between support beams  
w= width of specimen   
t= thickness of specimen 
 The elastic modulus (Young's modulus) was determined using a programmed formula 
within the Test Works software. The software required the dimensions of each specimen prior to 
starting the test. After fracture, the software yielded an elastic modulus based on the dimensions 
and flexibility of the specimen.  
 Statistical analysis was performed using analysis of variance (ANOVA) and Tukey’s 
multiple comparison tests for pairwise comparisons at P<0.05 and 95% confidence interval to test 
significant differences in fracture toughness, flexural strength, elastic modulus and diamteral 
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tensile strength. Statistical Package for the Social Sciences (SPSS) version 21.0 (SPSS/IBM, 
Armonk, NY) was used for statistical analysis. 
Table 2.1. Composite Resin Materials Used in the Study 
 
3. Results 
3.1. Fracture Toughness 
 Mean and standard deviation values of fracture toughness for each group are summarized 
in Table 2.2. Preheating and fatiguing had no significant effect on the fracture toughness value of 
FSU P>0.05. For FOBR, preheating and fatiguing had a significant effect on the fracture toughness 
value P=0.016. Preheating increased fracture toughness, while fatiguing decreased fracture 
toughness Figure 2.4.  
 Pairwise comparison between FSU and FOBR for baseline, preheated and fatigued showed 
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Table 2.2. Mean (MPa.m1/2) and Standard Deviation of Fracture Toughness per Group  
Composite Resin  Baseline Preheated Fatigued 
Filtek Supreme Ultra 
 
1.53 ± 0.21 1.57 ± 0.13 1.57 ± 0.11 
Filtek One Bulk Fill 
Restorative 
1.78 ± 0.13 1.94 ± 0.16 1.66 ± 0.07 
 
3.2. Diametral Tensile Strength 
 Mean and standard deviation values of diametral tensile strength for each group are 
summarized in Table 2.3. In the FSU groups, Preheating had no significant effect on the diametral 
tensile strength P>0.05, while fatiguing had a significant effect on diametral tensile strength 
P=0.0001 Figure 2.5. For FOBR, preheating and fatiguing had no significant effect on the 
diametral tensile strength P>0.05. 
 Pairwise comparison between FSU and FOBR for baseline, preheated and fatigued showed 
that FSU has significantly better diametral tensile strength value baseline only P=0.004.   
Table 2.3. Mean (MPa) and Standard Deviation of Diametral Tensile Strength per Group 
Composite Resin  Baseline Preheated Fatigued 
Filtek Supreme Ultra 
 
62.05 ± 5.06 64.90 ± 7.74 51.54 ± 7.80 
Filtek One Bulk Fill 
Restorative 
55.74 ± 3.34 59.69 ± 6.70 57.52 ± 5.08 
 
3.3. Flexural Strength  
 Mean and standard deviation values of flexural strength for each group are summarized in 
Table 2.4. With regard to FSU, preheating had no significant effect on the flexural strength P>0.05, 
while fatiguing had a significant effect on the flexural strength P=0.011. For FOBR, preheating 
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had no significant effect on the flexural strength P>0.05, while fatiguing had a significant effect 
on the flexural strength P<0.05 Figure 2.6. 
 Pairwise comparison between FSU and FOBR for baseline, preheated and fatigued showed 
that FSU has significantly better flexural strength for fatigued P<0.05 while FOBR has 
significantly higher flexural strength for preheated P=0.045 
3.4. Young’s Elastic Modulus  
 Mean and standard deviation values of young’s elastic modulus for each group are 
summarized in Table 2.5. With regard to FSU, preheating and fatiguing had a significant effect of 
young’s modulus P<0.05. For FOBR, preheating and fatiguing had a significant effect on the 
young’s modulus P<0.05 Figure 2.7. 
 Pairwise comparison between FSU and FOBR for baseline, preheated and fatigued showed 
that there is no significant difference in young’s elastic modulus between the two composite resin 
types P>0.05.  
Table 2.4. Mean (MPa) and Standard Deviation of Flexural Strength per Group 
Composite Resin Baseline Preheated Fatigued 
Filtek Supreme Ultra 
 
150.74 ± 11.52 144.33 ± 7.00 137.78 ± 7.27 
Filtek One Bulk Fill 
Restorative 
149.40 ± 13.66 161.42 ± 4.40 125.62 ± 16.28 
 
Table 2.5. Mean (GPa) and Standard Deviation of Young’s Elastic Modulus per Group 
Composite Resin Baseline Preheated Fatigued 
Filtek Supreme Ultra 
 
15.17 ± 0.73 13.74 ± 1.35 14.95 ± 0.60 
Filtek One Bulk Fill 
Restorative 





Figure 2.4. Mean of Fracture Toughness per Group 
 







































Figure 2.6. Mean of Flexural Strength per Group 
 










































 The effect of preheating and fatiguing on the mechanical properties of two composite 
resins, bulk-fill and conventional, was tested in this in-vitro study. The first null hypothesis was 
rejected since both preheating and fatiguing yielded a statistically significant difference on some 
of the mechanical properties of the two tested composite resins. The second null hypothesis was 
also rejected since there was a statistically significant difference in the mechanical properties 
between bulk-fill and conventional composite resins. Some differences were found at the baseline 
and others were found in the preheating and fatiguing groups. 
 Preheating is becoming a common practice to increase flowability and reduces stickiness 
of composite resins. Preheating is especially useful with materials that are highly viscous, materials 
with high percentage of inorganic filler particles. It has been shown that preheating those materials 
insures better adaptation to cavity walls.25 The two materials that were chosen for this study are 
highly filled and viscous. The FOBR has 76.5 wt% filler load while FSU has 78.5 wt%. FSU was 
chosen in this study because it is considered to be the gold standard composite resin. FSU served 
as a control, and it can be used for the same applications that are indicated for FOBR.  
 Composite resin restoration may fail over time due to the accumulation of damage 
produced by cyclic forces (fatiguing).19 Therefore, in-vitro fatiguing of composite resins prior to 
testing is a valid technique to increase the clinical relevancy of the generated results.26 This can be 
done by using simulators that cyclically load specimens with simultaneous thermocycling, in an 
effort to emulate the intra-orall challenge. Hence, both materials were fatigued for 600000 cycles, 
which is approximately equivalent to two and a half years of clinical performance. Loading 
parameters included a 0.5 mm indentation with steatite indenter, vertical movement (up- down), 
1.4 Hz and a load of 49 N. This was chosen after multiple pilot tests to determine the best 
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parameters. At the present time, there is no consensus on the parameters of fatigue testing.  All 
samples survived the fatiguing challenge in this study. 
 Fracture toughness is considered the most important mechanical property in determining 
resistance to fracture due to the fact that almost all materials contain flaws 27. In this study, 
preheating increased the fracture toughness of both FOBR and FSU. This increase was statistically 
significant only for the FOBR. Daronch et al 23 clearly showed that preheating significantly 
enhanced monomer to polymer conversion of composite resin due to increasing mobility of the 
monomer and filler particles. The enhanced polymerization yielded an increase the fracture 
toughness. Therefore, increasing fracture toughness may be explained by an improved degree of 
conversion with preheating. Fatiguing on the other hand had no significant effect on FSU but it 
decreased the fracture toughness of FOBR. Fatiguing with cyclic loading and thermocycling may 
have led to filler particles loss and surface changes that decreased fracture toughness. Those 
changes can be due to chemical break down by hydrolysis, stress induced effects and chemical 
composition changes by leaching or loss of strength due to corrosion.29 Since fracture toughness 
is a function of microstructure, differences in chemical composition may explain why fatiguing 
decreased the fracture toughness of FOBR but not that of FSU.  
 The fracture toughness of FSU at baseline in our study was similar to what found by Ilie et 
al 30. The KIC of FSU in that study was 1.46 MPa.m
1/2. Tiba et al investigated the fracture toughness 
of a range of bulk-fill composite resin materials.31 KIC values in that study ranged from 0.8 
MPa.m1/2 to 1.7 MPa.m1/2. In our study, FBOR at baseline had a KIC value of 1.78 MPa.m
1/2. To 





 Many clinical failures of composite resin restorations are related to tensile stress. 
Therefore, we opted to test the tensile strength for the selected materials by performing a diamteral 
tensile strength test, which is an indirect method to assess tensile strength.  
 Baseline DTS of FSU was significantly higher than that of FOBR. Schliebe et al had a 
similar result in their study where the conventional composite resin had higher DTS than its bulk-
fill counterpart.33 Preheating increased the DTS for both composite resins but it was not 
statistically significant. This finding was similar to what was found by Nada et al.32 This can be 
attributed to the enhanced polymerization of preheated composite resins. Fatiguing had a 
significant effect on FSU by decreasing its DTS to 51.54 MPa. No other published studies were 
found that tested the effect of fatiguing on DTS. 
 Flexural strength and elastic modulus are two important qualities of composite resin 
materials. In-order for the material to withstand masticatory forces it should offer sufficient 
flexural strength to allow the material to resist fracture. The elastic modulus determines the 
stiffness of the material.  
 The tested materials in all groups had adequate flexural strength according to ISO 4049-
2009 that requires a value of at least 80 MPa. The flexural strength of both tested materials was 
not effected by preheating but it was decreased by fatiguing. The results of this study are in 
agreement with the findings of Uctasli et al, who concluded that preheating had no effect on 
flexural strength of composite resins.34 While the clinical significance of this is unknown, fatiguing 
these composite resins seems to affect their mechanical properties. The literature that describes the 
effect of fatiguing is scarce, but it can be speculated that the microstructure is affected when those 
materials are fatigued. There was no difference in elastic modulus between the two composite 
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types at all conditions. Preheating and fatiguing both reduces the elastic modulus of both FSU and 
FOBR is statistically significant. However, the clinical significance of this reduction is unknown.  
 One of the major limitations of this study is that only one brand of composite resin material 
was tested. Thus, the results of study cannot be extrapolated to other brands of composite resin. It 
is well known that not all brands are similar. Different brands of composite resin offer a wide range 
of materials with various chemical formulations that may result in different mechanical properties. 
Another limitation of the study is that the specimens used in this study are flat following ISO 
standards and do not have anatomical geometry that simulates the clinical scenario. This in-vitro 
study does not substitute the need for well conducted randomized controlled clinical trials. 
 Within the limitations of this in vitro study, the following conclusions were drawn: 
 
 Preheating had no major negative effect on the mechanical properties of composites resins.  
 In-vitro fatiguing yields useful information by emulating the intraoral challenge and 
predicting the effect of that on properties of composite resins. 
 Conventional and bulk fill composite resins have minimal difference in their mechanical 
properties. 
 The findings from this study provide clinicians with information regarding the mechanical 
properties of composite resins.  
 The clinical implication of changes in the mechanical priorities yielded by preheating is 
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